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Abstract
Background & Aims—Looping is a common problem during colonoscopy that prolongs 
procedure time. We aimed to determine the efficacy and safety of ColoWrap, an external 
abdominal compression device, with respect to insertion time and other procedural outcomes.
Methods—We performed a prospective study of outpatients undergoing elective colonoscopy 
(40–80 years old; mean age, 60.5 years) at endoscopy facilities in the University of North Carolina 
Hospitals, from April 2013 through March 2014. Subjects were randomly assigned to groups that 
received either ColoWrap (n=175) or a sham device (control, n=175) during colonoscopy. 
Colonoscopists and staff were blinded to the application. The primary outcome was cecal 
intubation time (CIT). Secondary outcomes included use of manual pressure and position change.
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Results—The mean CIT was similar for the control and ColoWrap groups (6.69 min vs 6.67 
min; P=.98). There were no statistical differences between groups in the frequency of manual 
pressure (45% for controls vs 37% for ColoWrap group, P=.13) or position changes (4% for 
controls vs 2% for ColoWrap group, P=.36) between groups. Among patients with body mass 
index of 30–40 (n=78), CIT was significantly lower for patients who underwent ColoWrap (4.69 
min) than controls (6.10 min) (P=.03). Adverse events were similar between groups.
Conclusions—In patients undergoing elective colonoscopy, application of an external 
abdominal compression device did not improve CIT or affect the frequency of ancillary 
maneuvers. It appears to benefit patients with body mass indices of 30–40, but further studies are 
needed. ColoWrap appears to be safe and could reduce looping in a subgroup of patients 
undergoing colonoscopy. ClinicalTrials.gov no: NCT02025504
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INTRODUCTION
Colonoscopy is the gold standard test for colorectal cancer screening, and is also an 
important diagnostic and therapeutic procedure.1, 2 An estimated 14 million colonoscopies 
are performed annually in the US,3 and utilization of colonoscopy is on the rise 
worldwide.4–6 Therefore, the demand for well-performed colonoscopy is substantial.
High quality colonoscopy requires unique technical skills, including advancement of the 
colonoscope proximal to the ileocecal valve enabling full visualization of the cecum.7 
Despite many technological advances in the field, achieving cecal intubation with 
colonoscopy can be challenging due to looping of the colon during insertion, particularly in 
the sigmoid region. Looping occurs in up to 90% of all colonoscopies, is a primary cause of 
patient pain and increased procedure time, and increases the risk of bowel perforation and 
splenic injury.8–12 Ancillary maneuvers such as abdominal pressure and patient position 
change are often employed to correct looping, yet these maneuvers are applied variably, 
require extra personnel, are incompletely successful, and can increase procedure time and 
cost.10, 13 Manual application of abdominal pressure (generally by a technician or nurse) is 
the most frequently used ancillary maneuver during colonoscopies, yet this is largely an 
unscientific and unregimented practice.14 There remains an unmet clinical need for a 
uniform, practical method to prevent looping, and a more standardized method of applying 
abdominal pressure may effectively address this need.
ColoWrap® is a recently developed, non-invasive abdominal compression device designed to 
prevent and reduce looping during the insertion phase of colonoscopy. We hypothesized that 
use of the ColoWrap device would be associated with reduced insertion time and use of 
ancillary maneuvers. Herein we report the results of a randomized trial of this device on 
colonoscopy performance and safety outcomes.
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Study design and population
This was a randomized, blinded, sham-controlled clinical trial. At a single center with 
multiple endoscopy facilities (University of North Carolina Hospitals), outpatients 
undergoing elective colonoscopy between the ages of 40–80 were recruited for participation 
from April 2013 to March 2014. Inclusion criteria included healthy subjects (American 
Society of Anesthesiologists Class I–III) who completed the entire purgative preparation 
prior to their procedure and described adequate cleansing, and could understand and read 
English. Exclusion criteria included known history of incomplete colonoscopy, problems 
with sedation or anesthesia, pregnancy, unsedated procedures, multiple planned procedures 
(e.g. bidirectional endoscopy), previous colon resection, known or suspected inflammatory 
bowel disease, history of colorectal cancer or other intra-abdominal malignancy, patients 
with recent wounds or skin rash on the anterior abdominal wall, history of cirrhosis or 
ascites and known ventral hernia. Patients with body mass index (BMI) >40 kg/m2 or waist 
circumference >45 inches were also excluded due to the manufacturer-recommended size 
limits of the device used in this study. This research was approved by the University of 
North Carolina Institutional Review Board, and all participants provided written informed 
consent. The study was registered prior to initiation (ClinicalTrials.gov number 
NCT02025504). This manuscript is reported in accordance with the CONSORT 
guidelines.15, 16 All authors had access to the study data and reviewed and approved the final 
manuscript.
Study procedures and device description
Age, sex, race, height, weight, and waist circumference were recorded in all subjects prior to 
their procedure. Body mass index (BMI) was calculated using the standard formula. All 
participants completed a study questionnaire regarding medical history, reason for 
colonoscopy, and concomitant gastrointestinal disorders. Once enrolled, participants were 
randomized to either the intervention or sham arm. Randomization was stratified by gender 
and was performed using a web-based portal linked to a previously computer-generated 
randomization table that was concealed to study coordinators, investigators, all clinical staff 
and participants.
The study coordinators obtained the randomization assignment and then fitted the 
intervention or sham device in a private bay alone with the patient. No other study or 
procedural personnel were present during application of the device (or sham) to preserve 
blinding. For participants randomized to intervention, an abdominal compression device 
(ColoWrap, LLC, Durham, NC) was applied around the circumference of the lower 
abdomen, just below the umbilicus. Designed specifically for compression during 
colonoscopy, the ColoWrap consists of a neoprene-composite adjustable primary wrap that 
provides general lower abdominal compression and a secondary support strap that provides 
focused compression to the area overlying the sigmoid colon. The device is equipped with a 
Velcro-closure to allow for individualized fitting. Although the manufacturer offers the 
device in several sizes, the regular size (100cm) ColoWrap was used on all participants in 
the study for uniformity. Once applied, participants were asked to assert that the wrap was 
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fastened tightly but not uncomfortably. In participants randomized to the sham arm, a sham 
device, similar in appearance to the intervention (same color, logo, and material) was placed 
loosely around the lower abdomen such that no pressure was applied. All devices 
(intervention or sham) were applied by one of 2 coordinators (HC and RK) to ensure 
standardized application.
After application of either the study device or sham, an opaque sheet was placed transversely 
over the participants and was kept in place for the duration of the procedure. All patients 
were then placed in the left lateral decubitus position and underwent anesthesiologist-
administered sedation and colonoscopy per standard procedure. Propofol was used in the 
vast majority of cases, and conscious sedation with fentanyl and midazolam was used in 2 
cases. Patients and study coordinators were unblinded to the intervention, but endoscopists, 
nurses, technicians, and anesthesiologists were blinded to treatment assignment. Manual 
pressure and patient position change were performed typically by an endoscopy nurse or 
technician at the discretion of the endoscopist. Endoscopists or anesthesiologists were 
allowed to remove the study device at any point during the procedure if they determined it 
was necessary for clinical or safety reasons; this was classified as a protocol deviation.
Outcomes
The primary outcome for this study was cecal intubation time (CIT), which was measured in 
typical fashion from scope insertion to intubation of the cecal tip and visualization of the 
base. Time was subtracted for polyp removal during insertion, if this occurred. Main 
secondary outcomes included whether or not manual pressure or patient position change 
(e.g. from lateral decubitus to supine) was required during the case. Other secondary 
outcomes included frequency of prolonged cases (CIT >10 min and >20 min), colonoscopy 
completion rate, operator-assessed patient discomfort during the procedure as measured by 
the Gloucester score,17 dosage of anesthetic agents, and patient-reported pain, bloating, and 
satisfaction at discharge from the endoscopy unit. Pain and bloating were measured using 10 
point visual analog scales, and global satisfaction was measured according to a 5 point scale. 
Secondary outcomes also included provider assessments of procedural difficulty and severity 
of endoscope looping. Any adverse events were also recorded. Patients with incomplete 
colonoscopies (e.g. due to poor prep) were excluded from primary outcome analysis (CIT), 
but were included for secondary outcome analyses. Planned a priori subgroup analyses 
included stratification by age, gender, and BMI. A per-protocol analysis was also performed 
excluding participants in the intervention arm in whom the ColoWrap device was removed 
or became loosened at some point between application of the device and cecal intubation.
Statistical analysis and sample size
Summary statistics and histogram of continuous variables were examined to ensure a normal 
distribution. Mean CIT for intervention and control groups were compared using Student’s t-
tests. Categorical secondary outcomes (e.g. use of manual pressure and patient position 
change) were compared using chi-square or Fisher’s exact tests. Differences were 
considered statistically significant at an alpha level of < 0.05. The study biostatistician (JAG) 
was blinded to study group assignment.
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Sample size was determined based on pilot data estimates of CIT and its SD in female 
patients. We calculated that we would need 166 women (83 per group) to detect a 90 second 
difference in CIT (SD 207 sec), with 80% power and a two-sided alpha of 0.05. 
Incorporating an anticipated dropout or exclusion rate of 5%, we planned to enroll 350 
patients: 175 men and 175 women. Also based on pilot data and literature estimates of the 
frequency of ancillary maneuvers,14, 18–20 we determined that a sample size of 332 would be 
associated with 97.7% power to detect a 20% reduction in use of manual pressure. All 
statistical analyses were performed using SAS 9.4 (Cary, NC) and Stata 10.1 (College 
Station, TX).
RESULTS
Participant and procedure characteristics
350 patients were enrolled, 175 in each study arm (Figure 1) between April 2014 and March 
2015. Study groups were similar with respect to age, sex, race, body mass index (BMI), 
waist circumference, and medical history (Table 1). The mean age of participants was 60.5 
years (SD 8.4), and 216 (62%) were women. Colonoscopy was incomplete in 3 patients in 
the sham group vs 1 patient in the ColoWrap group (p=0.32). Reasons for aborted 
procedures were poor bowel prep (n=2, both in sham arm), looping (n=1 in sham arm), and 
medical instability (n=1 in ColoWrap arm). There were no device failures. Study 
colonoscopies were performed by 23 different endoscopists, including 238 cases by senior 
faculty (≥10 years in practice), 63 cases by junior faculty (<10 years in practice), and 49 
cases where gastroenterology fellows worked in tandem with supervising attending 
physicians. The highest volume endoscopist performed 119 study colonoscopies.
Main outcomes
In the intention-to-treat analysis, there was no significant reduction in the primary outcome; 
the mean CIT was similar for those in the sham and ColoWrap groups (6.69 min vs 6.67 
min, p=0.98) (Table 2) (Figure 2A). Manual pressure and position change occurred more 
frequently in the sham arm compared to the ColoWrap arm, but this was not statistically 
significant (45% vs 37%, p=0.13, and 4% vs 2%, p=0.36, respectively).
Subgroup analyses
In intention-to-treat subgroup analyses, results were similar after stratification by age and 
gender. After stratifying by BMI, use of ColoWrap was associated with significantly lower 
mean CIT in participants with mild to moderate obesity (BMI ≥ 30 and ≤ 40) compared to 
the sham arm (4.69 min vs. 6.08 min, p=0.03) (Table 3) (Figure 2B). There was also a trend 
towards reduction in manual pressure and change of position in patients with mild to 
moderate obesity. When stratified by endoscopist experience, results were similar to overall 
results (Supplementary Table 1).
Secondary outcomes
Results of secondary outcome analyses are presented in Table 4. There were no statistical 
differences in Gloucester comfort scale, propofol dose, provider assessments of difficulty or 
looping, or patient-assessed post-procedure pain, bloating, or global satisfaction. Among 
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patients with mild to moderate obesity, we observed trends toward reduced provider 
difficulty and looping, but these were not statistically significant.
Per-protocol analysis
In the per-protocol analysis, 31 participants who had the ColoWrap device loosened or 
unfastened during colonoscope insertion were excluded (Supplementary Table 2). In this 
analysis, ColoWrap was associated with significantly reduced mean CIT, CIT over 10 
minutes, and those requiring ancillary maneuvers (Supplementary Table 3) (Figure 2C). 
Provider difficulty and looping scores were also lower in ColoWrap arm in the per-protocol 
analysis. Specifically, the proportion with moderate or excessive looping was 12% in sham 
arm vs 4% in the ColoWrap arm (p=0.009).
Adverse events
A total of 14 participants (7 in each group) reported adverse events during the study 
(Supplementary Table 4). All adverse events were judged by investigators to be likely 
attributable to the colonoscopy procedure itself or procedural sedation. There was 1 serious 
adverse event, a perforation, in the intervention group. This event was attributed to a 
polypectomy performed during the case and was felt to be unlikely related to use of the 
study device. The number of adverse events did not differ statistically between groups 
(p=1.00).
DISCUSSION
In this randomized, blinded, sham-controlled study, use of an external abdominal 
compression device did not lower overall cecal intubation times in all patients compared 
with sham. In the intention-to-treat analysis, there were also no differences in difficulty of 
procedure or degree of looping, patient pain or bloating following the procedure, patient 
global satisfaction, or adverse events. We did find that use of this device resulted in lower 
CIT for participants with mild to moderate obesity, however. The device was well-tolerated 
by participants.
One would expect that if ColoWrap use makes colonoscopy insertion easier for some 
patients, its use could improve the overall rate of cecal intubation, which is an established 
provider-level quality metric.21 We did not find that the colonoscopy completion percentage 
was statistically different in ColoWrap and control arms (99.4% vs. 98.2%), but incomplete 
procedures were rare overall. The possible reduction in need for manual pressure and patient 
positioning has implications not only for patient comfort, but for endoscopy unit staffing and 
procedural costs, given that extra personnel are often required to perform these maneuvers. 
These maneuvers are also felt to be a primary driver of endoscopy staff injury.22
Two previously published studies have evaluated the effect of abdominal binders on 
colonoscopy performance.23, 24 In a randomized, unblinded Japanese study of 212 patients, 
the use of an “abdominal bandage” was found to reduce patient-reported pain at a 
statistically significant level (p=0.03).24 There was, however, no significant difference in 
cecal intubation rate between groups. In a more recent Turkish study, 216 patients 
undergoing colonoscopy were randomized to receive either an “abdominal corset” or a 
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conventional procedure.23 The investigators reported reduced CIT in the intervention arm 
(7.9 minutes vs. 11.4 minutes, p=0.001) as well as decreased frequency of ancillary 
maneuvers. Additionally, patient pain scores were significantly reduced in the corset arm. 
Results from these studies are also suggestive of a potential benefit of abdominal 
compression devices during colonoscopy, but prior to the current study, the benefit of this 
technique in the US population, where colonoscopy practice differs, was uncertain. 
Furthermore, the current study is the first to evaluate the benefit of an abdominal 
compression device designed specifically for use during colonoscopy in a sham-controlled 
trial. In another related study, Uddin et al. demonstrated that prone positioning of obese 
patients during colonoscopy reduced cecal intubation times and decreased need for patient 
repositioning.25 Their findings also support the potential benefit of abdominal splinting in 
obese patients undergoing colonoscopy.
Strengths of this study include its randomized design, use of sham controls, and blinding of 
providers to treatment group. These factors serve to minimize bias and confounding. Our 
study setting included a high volume academic practice site and multiple endoscopists 
including fellows. While this led to variability in colonoscopy performance and skill among 
endoscopists and may have limited our ability to identify statistically-significant differences 
in the main outcomes, it did maximize the generalizability of our results to other similar 
multi-physician settings. Results did not seem to differ substantially by endoscopist 
experience and somewhat surprisingly, a reduction in CIT in patients with mild to moderate 
obesity was seen even among senior endoscopists, a group we expected to be most adept at 
avoiding looping. Propofol anesthesia was used for the vast majority of cases in this study. 
As such, generalizability to settings where conscious sedation is performed may be limited, 
and the device may have different effects in patients under lighter or no sedation. The use of 
propofol sedation also likely limited the use of position changes, which occurred 
infrequently in this study. For this reason, the trial was largely underpowered to detect 
clinically-meaningful differences in position change maneuvers.
Though randomization and concealed allocation was performed, there were slight (but not 
statistically-significant) imbalances among groups with respect to age and medical history in 
particular, which could have led to a small amount of residual confounding. Another 
potential limitation is that patients were unblinded for this study. However, we did not feel 
that blinding of patients was possible, safe, or methodologically sound given the 
manufacturer-recommended application method, which requires patient input to determine 
comfort of fitting. Furthermore, we felt it was highly unlikely that participant knowledge of 
ColoWrap placement could have influenced the procedurally-oriented primary outcome 
(CIT) or use of ancillary maneuvers as all participants were sedated. Coordinators, who were 
unblinded, could have introduced bias as they recorded study data used to determine 
outcomes, although we feel this is unlikely since CIT is generally determined by patient and 
provider factors and is recorded as a standard measure in our colonoscopy units. It is also 
possible that endoscopy unit staff became unblinded during some cases, particularly if 
manual pressure was applied, which could have introduced bias.
Results of the per-protocol analysis should be interpreted with caution as some patients were 
excluded, which could introduce confounding. This analysis excluded 31 participants 
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(17.7%) in the intervention group. We did not have accurate accounting of reasons for 
removal of the device, so cannot exclude the possibility that the ColoWrap was removed 
more commonly in “difficult” cases, which could lead to a biased estimate. Nevertheless, in 
participants who had the ColoWrap fastened at the appropriate tightness during the entire 
period of colonoscope insertion, CIT was significantly reduced and colonoscopies were 
judged to be easier, with less looping. Results of subgroup analyses should also be 
interpreted cautiously, especially since obese subjects represented a minority of study 
participants. However, the fact that patients with mild to moderate obesity also experienced 
trends in reduced ancillary maneuvers, procedural difficulty and looping suggests there is a 
true benefit of use of the device in this population. Patients with BMI >40 and large waist 
circumferences were excluded in the trial due to concern for fitting of the device. In 
retrospect this is an unfortunate limitation given the apparent benefit in obese patients. Due 
to this limitation and those of subgroup analyses in general, further studies specifically in 
obese subjects will be important to confirm a benefit in this population.
We did not find a reduction in CIT in women, non-obese or elderly participants, groups we 
were particularly interested in studying given literature reports of difficult or prolonged 
colonoscopy in these populations.26 Reasons for lack of demonstrated efficacy in these 
groups is uncertain, but could be related to the fact that they received less pressure from the 
device than obese patients due to smaller pelvic circumference, or that more focal abdominal 
pressure was needed to address looping in these patients. Some authors have postulated that 
there are two main causes of difficult colonoscope insertions: redundant colons (in obese, 
tall, or chronically-constipated persons), and sigmoid angulation (in thin patients, and those 
with diverticulosis or a history of pelvic surgery).27, 28 Our results would suggest that 
abdominal pressure (particularly the type of pressure generated by the ColoWrap device) 
may be more effective for looping associated with longer, redundant colons.
In sum, this randomized trial did not show benefit of the ColoWrap device in all patients 
undergoing colonoscopy with respect to CIT and ancillary maneuvers. We did demonstrate a 
possible benefit of this device in patients with mild to moderate obesity specifically, but 
these findings should be interpreted cautiously given small numbers in this subgroup and 
lack of extremely obese (BMI>40) participants in the trial. There was no decrement in safety 
or patient-reported outcomes with use of this device. Further study is needed to confirm a 
beneficial effect of ColoWrap in obese patients and in other settings and patient groups. 
Nevertheless, these data suggest that this simple device may improve the performance of 
colonoscopy in some patients.
Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Study flow chart showing flow of participants through trial.
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Box and whisker plots of cecal intubation time for ColoWrap and sham arms overall for 
intention to treat analysis (A), for participants with class I–II obesity (B), and per-protocol 
analysis (C).
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Table 1
Characteristics of study population and procedures
Characteristics Sham n = 175 ColoWrap n = 175 pa
Sex 1.00
 Male, n (%) 67 (38) 67 (38)
 Female, n (%) 108 (62) 108 (62)
Age
 mean ± SD (years) 61.1 ± 8.1 59.9 ± 8.7 0.20
 >60 years, n (%) 97 (55) 81 (46) 0.09
Race 0.20
 Black, n (%) 21 (12) 32 (18)
 White, n (%) 152 (87) 138 (79)
 Asian, n (%) 2 (1) 4 (2)
 Other, n (%) 0 (0) 1 (0.6)
BMI
 mean ± SD 26.6 ± 4.2 26.6 ± 4.3 0.97
 ≥30 (obese), n (%) 40 (23) 38 (22) 0.80
Waist circumference 0.58
 mean ± SD 35.8 ± 4.2 35.6 ± 4.3
Medical history
 Hysterectomyb, n (%) 27 (25) 32 (30) 0.45
 Endometriosisb, n (%) 10 (9) 19 (18) 0.07
 Irritable bowel syndrome, n (%) 10 (6) 15 (9) 0.30
 Constipation, n (%) 19 (11) 25 (14) 0.33
 Diverticulosis, n (%) 20 (11) 27 (15) 0.27
 Narcotic use, n (%) 12 (7) 12 (7) 1.00
 Any of above, n (%) 65 (37) 77 (44) 0.19
Colonoscopy indication 0.87
 Screening, n (%) 81 (46) 85 (49)
 Surveillance, n (%) 78 (45) 72 (41)
 Diagnostic, n (%) 15 (9) 16 (9)
Endoscopistc 0.78
 Senior faculty, n (%) 116 (66) 122 (70)
 Junior faculty, n (%) 33 (19) 30 (17)
 Fellow case, n (%) 26 (15) 23 (13)
Type of colonoscope 1.00
 Pediatric, n (%) 151 (86) 151 (86)
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Characteristics Sham n = 175 ColoWrap n = 175 pa
 Adult, n (%) 23 (13) 23 (13)
Prep 0.77
 Poor, n (%) 4 (2) 3 (2)
 Fair, n (%) 17 (10) 23 (13)
 Good, n (%) 71 (41) 70 (40)
 Excellent, n (%) 83 (47) 79 (45)
Findings
 Polyps 120 (69) 111 (63) 0.31
 Diverticulosis, n (%) 97 (55) 88 (50) 0.34
 Hemorrhoids, n (%) 96 (55) 89 (51) 0.45
 IBD or colitis, n (%) 4 (2) 1 (1) 0.18
 Otherd, n (%) 44 (25) 32 (18) 0.12
a
: p values obtained via t-tests or Chi-squared tests comparing the ColoWrap group to the sham group.
b
: % calculated for women only
c
: Senior faculty included endoscopists with ≥10 years of endoscopy experience. Junior faculty had <10 years of experience. Fellow cases were 
those where gastroenterology fellows performed colonoscopy procedures with faculty supervision.
d
: examples of other findings include inflammation, bleeding, abnormal mucosa, lipoma, and hypertrophied anal papillae
BMI: Body mass index; SD: Standard deviation; IBD: inflammatory bowel disease
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Table 2
Effect of ColoWrap on cecal intubation time, procedure completion, manual pressure, and patient 
repositioning
Outcomes Sham n = 175 ColoWrap n = 175 pa
Cecal intubation time (min)
 Mean ± SD 6.69 ± 4.38 6.67 ± 3.98 0.98
 Median (IQR) 5.57 (4.03, 7.96) 5.62 (4.02, 7.73)
 Range 1.65 – 28.05 1.65 – 23.75
 CIT ≥10 min 28 (16.0) 27 (15.4) 0.88
 CIT ≥20 min 7 (4.0) 4 (2.3) 0.36
Incomplete colonoscopy, n (%) 3 (1.7) 1 (0.6) 0.32
Manual pressure, n (%) 79 (45.1) 65 (37.1) 0.13
Change in position, n (%) 7 (4.0) 4 (2.3) 0.36
SD: Standard deviation; CIT: cecal intubation time; IQR: interquartile range; ITT: intention to treat analysis
a
: p value comparing ColoWrap ITT to sham
b
: p value comparing ColoWrap per-protocol to sham
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Table 3
Effect of ColoWrap on cecal intubation time and ancillary maneuvers for subgroups of sex, age, and BMI.
Outcomes Sham ColoWrap pa
Sex stratification
 Female n=108 n=108
  Cecal intubation time (min)
   mean ± SD 6.99 ± 4.13 7.11 ± 4.11 0.83
   CIT ≥ 10 min 20 (18.5) 18 (16.7) 0.72
   CIT ≥ 20 min 5 (4.6) 4 (3.7) 1.00
  Manual pressure, n (%) 52 (48.2) 40 (37.0) 0.10
  Patient repositioned, n (%) 3 (2.8) 2 (1.9) 1.00
 Male n=67 n=67
  Cecal intubation time (min)
   mean ± SD 6.22 ± 4.75 5.98 ± 3.69 0.74
   CIT ≥ 10 min 8 (11.9) 9 (13.4) 0.80
   CIT ≥ 20 min 2 (3.0) 0 (0.0) 0.50
  Manual pressure, n (%) 27 (40.3) 25 (37.3) 0.72
  Patient repositioned, n (%) 4 (6.0) 2 (3.0) 0.68
Age stratification
 Age ≤60 years n=78 n=94
  Cecal intubation time (min)
   mean ± SD 6.33 ± 4.32 6.18 ± 3.39 0.81
   CIT ≥ 10 min 10 (12.8) 10 (10.6) 0.66
   CIT ≥ 20 min 3 (3.9) 0 (0.0) 0.09
  Manual pressure, n (%) 35 (44.9) 30 (31.9) 0.08
  Patient repositioned, n (%) 4 (5.1) 1 (1.1) 0.18
 Age >60 years n=97 n=81
  Cecal intubation time (min)
   mean ± SD 6.98 ± 4.43 7.25 ± 4.54 0.69
   CIT ≥ 10 min 18 (18.6) 17 (21.0) 0.68
   CIT ≥ 20 min 4 (4.1) 4 (4.9) 1.00
  Manual pressure, n (%) 44 (45.4) 35 (43.2) 0.77
  Patient repositioned, n (%) 3 (3.1) 3 (3.7) 1.00
BMI stratificationb
 BMI <30 kg/m2 n=135 n=137
  Cecal intubation time (min)
   mean ± SD 6.87 ± 4.64 7.23 ± 4.24 0.51
   CIT ≥ 10 min 23 (17.0) 26 (19.0) 0.68
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Outcomes Sham ColoWrap pa
   CIT ≥ 20 min 7 (5.2) 4 (2.9) 0.38
  Manual pressure, n (%) 59 (43.7) 53 (38.7) 0.40
  Patient repositioned, n (%) 5 (3.7) 4 (2.9) 0.75
 BMI ≥ 30 kg/m2 n=40 n=38
  Cecal intubation time (min)
   mean ± SD 6.08 ± 3.37 4.69 ± 1.89 0.03
   CIT ≥ 10 min 5 (12.5) 1 (2.6) 0.20
   CIT ≥ 20 min 0 (0.0) 0 (0.0) 1.00
  Manual pressure, n (%) 20 (50.0) 12 (31.6) 0.10
  Patient repositioned, n (%) 2 (5.0) 0 (0.0) 0.49
a
p values obtained via Student’s t-tests or Chi-squared or Fisher’s exact tests comparing the ColoWrap and sham groups
b
patients with BMI >40 were excluded from the trial
BMI: Body mass index; CIT: cecal intubation time; SD: Standard deviation
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Table 4
Effect of ColoWrap on procedural outcomes and post-procedure patient pain, bloating, and satisfaction.
Secondary outcomes Sham n = 175 ColoWrap n = 175 pa
Gloucester score (intraprocedural comfort)
 Mean ± SD 1.36 ± 0.72 1.49 ± 0.78 0.11
 Moderate or severe discomfort 6 (3.5) 5 (2.9) 0.75
Propofol (mg)c
 Mean ± SD 240 ± 92 241 ± 92 0.89
Operator difficulty
 Difficult or extremely difficult, n (%) 17 (9.7) 14 (8.0) 0.57
Operator assessed looping
 Moderate to excessive looping, n (%) 20 (11.9) 19 (10.9) 0.87
Patient reported pain (0–10 scale)
 Mean ± SD 0.29 ± 1.03 0.25 ± 0.96 0.75
 Any pain (≥1/10), n (%) 17 (9.7) 16 (9.1) 0.86
Patient reported bloating (0–10 scale)
 Mean ± SD 1.43 ± 2.10 1.33 ± 2.02 0.64
 Any bloating (≥1/10), n (%) 78 (44.6) 74 (42.3) 0.67
Patient reported global satisfaction
 Satisfied or very satisfied, n (%) 172 (99.4) 170 (100.0) 0.32
a
: p values obtained via Student’s t-tests or Chi-squared or Fisher’s exact tests comparing the ColoWrap ITT and sham groups
b
: p values comparing ColoWrap per-protocol to sham
c
: excludes 2 participants who underwent conscious sedation with fentanyl and midazolam
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